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Motivation I 

K. K. Kim, YK, Y. Ko, JHEP 1010 (2010) 039  

A simple holographic QCD model study has claimed that (a naive) typical 
scale of QCD changes in nuclei.  



Origin of nucleon mass?  
 
Can nuclear matter and nuclei do anything for this? 

Motivation II 

Nucleon mass (in the chiral limit) in the linear sigma model 



Nontrivial QCD vacuum does nothing to with nuclear matter and nuclei? 
Confinement washes it out? 

All encrypted in LECs except chiral symmetry?  

Motivation III 



An example: Parity doublet model in dense 
matter 

Introduce two nucleon fields that transform in a mirror way under chiral transformations: 



Or, 





The state N+ is the nucleon N(938). while N- is its parity partner conventionally 
identified with N(1500). 

“Linear sigma model with parity doubling,” C. E. DeTar and T. Kunihiro, Phys. Rev. D 
39, 2805 (1989) 



D. Zschiesche, L. Tolos, Jurgen Schaffner-Bielich, Robert D. Pisarski, Phys.Rev. C75 (2007) 055202 
  

Cold, dense nuclear matter in a SU(2) parity doublet model 



Y. Motohiro, M. Harada, YK, Erratum: Phys.Rev. C95 (2017) 059903  





To fix the parameters in our model with fixed m0 

Unfortunately, we don’t find so far any nuclear matter properties that are 
sensitive to the value of the chiral invariant mass. 



Delta matter in a parity doublet model (within MFA) 
Yusuke Takeda, YK, Masayasu Harada, Phys. Rev. C97 (2018)  065202  

* In symmetric matter, Delta enters into matter at  (1-4) times the saturation density.         
The stable Δ-nucleon matter is realized around 1.5 times the saturation density, and 
the phase transition from nuclear matter to Δ-nucleon matter is of first order for 
small value of the chiral invariant mass of Delta. 
 
* In asymmetric matter, the phase transition from the nuclear matter to the stable    
Δ-nucleon matter can be of the second order for most parameter region. The onset 
density is smaller than that in symmetric matter. 
 
* In symmetric dense matter, larger chiral invariant nucleon mass tends to lower the 
transition density to the stable N-Δ phase. 
 
* Partial restoration of chiral symmetry is enhanced by Delta matter. 
 
 









Ik Jae Shin, Won-Gi Paeng, Masayasu Harada, YK, 1805.03402 in nucl-th  

Parity doublet model in relativistic mean field 
theory  

 Spherical code was provided by Jie Meng (Peking Univ.). 
 Main difference is the behavior of sigma mean field. 
 Revised the code to incorporate the difference. 
 With no Delta baryons 







We observed that our results, especially the binding energies, are closest 
to the experiments when we take m0 = 700 MeV. 



! 





Discussion: QCD vacuum characterized by non-trivial 
gluon background field and dense matter? 



The success of the NR QM?  
 
First of all the quarks should be massive, having constituent mass. 
 
So, we assume that the bulk of the light quark mass is the effect of  
chiral symmetry breaking.  
 
The leading contribution to the baryon mass is just sum of  
the constituent quark masses.  





Background gluon field? 









A happy coincidence? 



• Since the chiral quark model has no 
confinement yet, I think, still I have a chance  
to introduce non-trivial background gluon field 
such as a constant chromo-magnetic field in 
the model to connect QCD vacuum analytically  
with phenomenology.  


